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Abstract.  p3N5Si2C6Cl4H20, 1  ,Mr  =  453.2,  monoclinic,  C2/c,  a  = 

13.749(6),  b  =  7.343(3),  c  =  20.124(3)11,  6  =  95.24(3)°,  V  =  2023(2)ft3, 
Z  =  4,  Dx  =  1.49  g  cm-3,  X(MoKa)  =  0.71073^,  y  =  9.4  cm-1,  F(000)  = 
928,  T  =  293  K,  R  =  0.049  for  96iXjnique  observed  reflections.  The 
phosphazene  ring  lies  on  a  crystallographic  2-fold  axis  and  is  planar 
within  0.031(5)X.  The  exo  P-N  bond  distance  is  1.609(5)  and  the  Si-N 
bond  distance  is  1.757 (5*) A  which  suggests  preferential  nitrogen  lone 
pair  delocalization  to  the  phosphorus  atom.  P-N  distances  in  the  ring 
alternate  (from  the  P  with  the  exoN  atoms)  from  1.617(5)  to  1.551(5) 
to  1 . 591(4 )A-  The  structural  and'^cP'nmr  parameters  of 
2,2-N^P^Cl4(NHSiMev-j)2’  are  comoared  to  the  analogous  tert-butylamino 
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The  r-donor  interaction  of  exocyclic  substituents  with  phosphorus 
centers  in  cyclophosphazenes  is  a  topic  of  continuing  interest  and 
controversy.  Spectroscopic  evidence  indicates  that  aryl  r-donation  is 
non-existent  or  low'1  while  in  substituents  containing  lone  pairs  of 
electrons  such  as  carbanions"5’4  and  amines4-6,  the  tt  donor  effect  is 
believed  to  be  significant.  In  the  most  widely  studied  systems,  the 
aminophosphazenes,  the  exocyclic  nitrogen  atoms  is  in  a  trigonal  pla¬ 
nar  environment  and  the  exocyclic  phcsohcrus-nitrogen  bonds  are  signi¬ 
ficantly  shorter  than  the  expected  single  bond  distance.^’6  The 
exceptions  to  these  generalizations  are  the  aziridine  derivatives 
where  the  amine  is  tetragonal  and  the  exocyclic  phosphorus-nitrogen 
distances  are  longer  than  those  found  in  other  systems."7  In  this 
paper,  we  examine  the  effect  of  placing  another  second  row  acceptor 
center  on  the  exocyclic  nitrogen  atom  in  2,2-N3!=3ClA(NHSiMe3)2  and 

compare  the  results  with  the  previously  reported  structure®  of  the 
carbon  analog,  2,2-N3P3ciA(NHCMe3)2. 


Experimental 

Materials  and  Methods.  Hexachlorocyclotriphosphazene  (Shin  Nisso 
Kako)  was  converted  to  2,2-N'3?3Cl4(NHSiMe,)?5(l)  and 
2,2-N3P3ciA(NHCMe3)28’ i2(2)  by  previously  reported  procedures.  The 
P  NMR  spectra  (in  C0C13)  were  recorded  on  a  Broker  WM250  spectro¬ 
meter  operating  at  101.2  Mdz  and  usinc  55%  H,?o.  as  an  external 
reference.  The  spectra  were  recorded  under  conditions  of  broad  band 
decoupling  and  chemical  shifts  upfield  of  the  reference  are  assigned  a 
neoative  sion. 
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X-ray  Analysis  of  N^PjCl^tNHSlMe^^-  Crystals  suitable  for  x-ray 
were  obtained  from  CCl^  solution.  A  colorless  platelet  of  approximate 
dimensions  0.C2  x  0.40  x  0.46  mm,  mounted  on  a  glass  riber  was  usee 
for  data  collection  on  an  Ennaf-Nonius  CAD-4  diffractometer  using 
variable  speed  (3  to  17  deg/min)  iu-2e  scans.  Dm  was  not  measured. 

The  unit  cell  was  determined  from  a  least-squares  fit  of  the  angle 
data  for  25  reflections  with  18°  <  2e  <  22°.  The  analytical  absorp¬ 
tion  correction^  based  on  crystal  shape  varied  from  0.68  to  1.00. 

Data  was  collected  to  sin  e/X'  of  0.60  -  6  <  h  <  C,  -8  <  k  <  0, 

-23  <  1  <  23.  The  data  was  collected  in  two  shells.  Three  standard 
reflections  (-6  0  4,  -3-3-3, -1-1  9)  decayed  32%  over  16.2  hours  of 
data  collection;  anisotropic  correction  was  applied.  2304  reflections 
were  measured,  1775  unique  (Rint  =  0.02),  814  reflections  with 
I  <  3a  (I)  were  considered  unobserved.  The  structure  was  solved  by 
direct  methods  (Multan  19S2)1'5  and  refined  by  full-matrix  least- 
squares  minimized  Lo(AF).2  Methyl  hydrogen  atom  orientations  were 
determined  on  difference  maps  and  methyl  hydrogen  atoms  were 
constrained  to  idealized  (0-H  =  0. 95 A)  positions  with  isotrooic  B  = 


1.2  x  3  of  the  bonded  carbon  atom.  The  hydrogen  atom  on  nitrogen  was 
located  on  a  difference  map  and  was  refined  with  a  constrained  isotro¬ 
pic  thermal  parameter.  Ail  non-hydrogen  atoms  were  refined  anisctro- 
pically  for  a  total  of  92  variables.  Tne  final  refinement  with 
observed  data  cave  R  =  0.049,  Ru  =  0.062  and  6  =  1.32,  where 


_  i 


non-Poisson  to-*  .=  (^*"(1)  +  0.0u36  -2 )/4 r".  r  mal  (A/*) 

A=’rriax=0.40(6)  and  AD(T,,-n  =  -0.40(6)  e“A""  on  the  final  difference  mao. 
The  atomic  scattering  ractors  and  anomalous  dispersion  corrections  ar< 


from  the  International  Tables  for  X-ray  crystallography  (1974 
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the  programs  used  those  of  the  Enraf  (1982)  SDP  package.*5 

Results  and  Discussion 

The  crystal  and  molecular  structures  of  1  were  determined  in  order 
to  ascertain  the  effect  of  the  replacement  of  a  carbon  atom  by  a  sili¬ 
con  atom  on  the  exocyclic  nitrogen  atom  in  an  aminocyclotriphospha- 
zene.  The  final  atomic  coordinates  of  all  unique  atoms  are  given  in 
Table  I.  Selected  bond  lengths  and  bond  angles  may  be  found  in  Table 
II  and  an  ORTEP  drawing,  together  with  atom-numbering  scheme,  is  shown 
in  Figure  1.  The  observed  molecular  structure  of  1  confirms  the 
geminal  configuration  of  the  trimethylsilylamino  groups  which  was  pre¬ 
viously  predicted  on  a  chemical  basis^,  based  on  the  known  geminal 
configuration  of  N^P-jCl^tNH^^^,  the  chemical  precursor  to  1.  In  a 
comparison  of  the  structure  of  1  with  its  tert-butylamino  analog, 

2,  a  striking  similarity  of  structural  parameters  with  some  subtle 
differences  is  noted.  In  the  structure  of  2,  a  well  developed 
hydrogen-bond  network  exists  between  an  exocyclic  amino  hyorooen  atom 
and  an  endocyclic  nitrogen  atom.  This  gives  rise  to  two  different 
orientations  of  the  tert-butylamino  groups.  In  l,  both  of  the  tri¬ 
methylsilylamino  groups  are  in  the  same  configuration  and  tne  closest 
intermolecular  contacts  are  between  the  exocyclic  amino  nicrooen  atom 
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The  phosphorus-ritroge''  bond  lengths  and  angles  in  1  and  2  are 


significant  chemical  shift  difference  for  the  ■PCNHMMe^)  (M=C,Si)  cen¬ 
ters,  but  any  attempted  correlation  with  the  exocyclic  NPN  angle 
should  be  viewed  with  caution  since  ail  these  bond  angles  in  1  and  2 
lie  within  three  stand  and  deviations  and  hence  must  be  considered 
statistically  indistinguishable. 

Tne  range  of  bond  lengths  in  unconstrained  silicon-nitrogen 
fragments  is  1.688-1.759^, ^  so  the  value  observed  for  L  (1.757(5)) 
is  amongst  the  longest  of  these  bonds.  An  analogous  situation  occurs 
in  disilylamino  centers  where  one  of  the  silicon  atoms  has  silicon- 
fluorine  bones.  In  these  cases,  the  silicon-nitrogen  bend  to  the 
fluorinated  silicon  center  is  short  and  tne  remaining  silicon- 
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sity  to  the  silicon  atom.  Competition  for  nitrogen  lone  electron 
pairs  between  phosphorus  and  acyl  centers  have  also  been  investigated 
by  structural  studies.  A  rough  correlation  between  short  silicon- 
nitrogen  bond  lengths  and  increased  percentage  s  character  has  been 
noted. ^  If  this  effect  were  operative  in  1,  the  more  electronegative 
PC v)  would  direct  more  p  character  to  the  P[2)— N(3)  bond  hence 
causing  an  increased  s  character  in  the  N(3)-Si  bond.22  Since  a  long, 
rather  than  short,  silicon-nitrogen  bond  is  observed  it  appears  reaso¬ 
nable  to  ascribe  the  variations  in  exocyclic  nitrogen  lone  pair  delo¬ 
calization  described  above  as  being  reasonable  for  the  long 
silicon-nitrogen  bond  length. 
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Table  III. 

Selected  31P  NMR  data 

for  compounds  J 

L  and  2. 

Compound 

6BP(NHMMe3)a 

6PCl2a 

2J  b 
upp 

1 

9.4 

22.1 

30.9 

2 

2.3 

19.6 

44.7 

V 


4 


TECHNICAL  REPORT  DISTRIBUTION  LIST,  GEN 


X/ 1 113/87/2 


No. 

Copies 

Office  of  Naval  Research  2 

Attn:  Code  1113 
800  N.  Quincy  Street 
Arlington,  Virginia  22217-5000 

Dr.  Bernard  Douda  1 

Naval  Weapons  Support  Center 
Code  50C 

Crane,  Indiana  47522-5050 


Naval  Civil  Engineering  Laboratory  1 

Attn:  Dr.  R.  W.  Drisko,  Code  L52 
Port  Hueneme,  California  93401 


Defense  Technical  Information  Center  12 
Building  5,  Cameron  Station  high 

Alexandria,  Virginia  22314  quality 


DTNSRDC  1 

Attn:  Dr.  H.  Singerman 
Applied  Chemistry  Division 
Annapolis,  Maryland  21401 

Dr.  Wi 11 iam  Tolies  1 

Superintendent 

Chemistry  Division,  Code  6100 
Naval  Research  Laboratory 
Washington,  D.C.  20375-5000 


No. 

Copies 

Dr.  David  Young  1 

Code  334 

N0RDA 

NSTL,  Mississippi  39529 

Naval  Weapons  Center  1 

Attn:  Dr.  Ron  Atkins 
Chemistry  Division 
China  Lake,  California  93555 

Scientific  Advisor  1 

Commandant  of  the  Marine  Corps 
Code  RD-1 

Washington,  D.C.  20380 

U.S.  Army  Research  Office  1 

Attn:  CRD-AA-IP 
P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 

Mr.  John  Boyle  1 

Materials  Branch 
Naval  Ship  Engineering  Center 
Philadelphia,  Pennsylvania  19112 

Naval  Ocean  Systems  Center  1 

Attn:  Dr.  S.  Yamamoto 
Marine  Sciences  Division 
San  Diego,  California  91232 


